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(54) Gas discharge panel substrate assembly 

(57) The present invention provides a gas discharge 
panel substrate assembly comprising: electrodes (3) 
formed on a substrate, a dielectric layer (4) covering the 
electrodes (3), and a protective layer (5) covering the 



dielectric layer (4) and in contact with a discharge space, 
wherein the protective layer includes MgO and at least 
one compound selected from the group consisting of an 
Al compound, a Ti compound, a Y compound, a Zn com- 
pound, a Zr compound, a Ta compound and SiC. 
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Description 

[0001] The present invention relates to a gas discharge panel substrate assembly, a production method therefore 
and an AC type gas discharge panel. 

5 [0002] There have been reported on various types of gas discharge panels, among which an AC type plasma display 
panel (PDP) of a three-electrode surface discharge structure has been introduced to the market. 
[0003] Fig. 5 shows a schematic perspective view of a structure of a PDP on the market. The PDP is of a structure 
in which a front glass substrate 1 and back glass substrate 2 are adhered to each other. Provided on the front glass 
substrate 1 are display electrodes 3 constituted of transparent electrodes 31 and bus electrodes 32 and the display 

10 electrodes 3 are covered with a dielectric layer 4. Further formed on the dielectric layer 4 is a protective layer 5 made 
of a MgO layer with a high secondary electron emission coefficient. Address electrodes 6 are provided on the back 
glass substrate 2 so as to intersect with the display electrodes at right angles. Barrier ribs 7 are provided between the 
address electrodes 6 in order to define light emitting regions and phosphors 8 for red, green and blue are coated on 
the address electrodes 6 in the respective regions divided by the barrier ribs 7. Ne-Xe gas is sealed in the interior of 

15 a space formed by adhering the front glass substrate 1 and the back glass substrate 2 to each other. 

[0004] Fig. 6 shows a state of a discharge cell in discharge as viewed in section. A voltage is applied between the 
display electrodes 3 each including a pair of two electrodes X and Y to form an electric field in a discharge space and 
to thereby excite Xe and generate gas discharge 9 and vacuum ultraviolet 1 0 is released therefrom. The ultraviolet 1 0 
strikes the phosphor 8 to emit visible light 1 1 . The discharge cell acts as a display by controlling the vacuum ultraviolet 

20 10 in the electric field in the interior thereof. On this occasion, the vacuum ultraviolet 10 is directed to not only the 
phosphor 8 but also the front glass substrate 1 . The protective layer (MgO layer) 5 and the dielectric layer 4 are formed 
on the front glass substrate 1 sequentially in the order starting at the discharge surface and since MgO passes a 
wavelength portion (165 nm or more) of the vacuum ultraviolet therethrough, part of the ultraviolet 10 reaches as far 
as the dielectric layer 4. In Fig. 6, the reference numbers 2 and 6 are the same as those in Fig. 5 in meaning. 

25 [0005] As a method for forming a dielectric layer for use in a PDP, generally known is a method in which it is formed 
by dispersing frit glass. The frit glass is provided as a paste obtained by dispersing a glass component into a vehicle 
made of ethyl cellulose resin as a main component. The frit glass in this form is coated on a substrate by printing and 
is baked to thereby burn out the resin component with the result of formation of a dielectric layer made of a glass 
component as a main component. Furthermore, as methods for forming a dielectric layer more suitable for mass pro- 

30 duction in recent years, there have been proposed: a method in which frit glass in the shape of a sheet obtained by 
dispersing frit glass in acrylic resin or the like is adhered and baked and a method to use vapor phase film formation 
such as a CVD method. 

[0006] It is desirable to provide a gas discharge panel substrate assembly and a gas discharge panel causing no or 
little phosphor degradation phenomenon, as well as production methods therefor. 

35 [0007] According to an aspect of the present invention there is provided a gas discharge panel substrate assembly 
comprising: electrodes formed on a substrate, a dielectric layer covering the electrodes, and a protective layer covering 
the dielectric layer and in contact with a discharge space, wherein the protective layer includes MgO and at least one 
compound selected from the group consisting of an Al compound, a Ti compound, a Y compound, a Zn compound, a 
Zr compound, aTa compound and SiC. 

40 [0008] Furthermore, another aspect of the present invention provides gas discharge panel substrate assembly com- 
prising: electrodes formed on a substrate, a dielectric layer covering the electrodes, an intermediate layer covering the 
dielectric layer, and a protective layer covering the intermediate layer and in contact with a discharge space, wherein 
the protective layer includes MgO and the intermediate layer includes at least one compound selected from the group 
consisting of an Al compound, a Ti compound, a Y compound, a Zn compound, a Zr compound, a Ta compound and SiC 

45 [0009] Moreover, according to the present invention, a production method for a gas discharge panel substrate as- 
sembly is provided, in which the dielectric layers of the first and second gas discharge panel substrate assemblies are 
formed with one of a CVD method, a plasma CVD method and a method in which a frit glass in the shape of a sheet 
is adhered on a substrate, followed by baking. 

[0010] Besides, according to the present invention, a production method for a gas discharge panel substrate assem- 
50 bly is provided, in which the intermediate layer of the second gas discharge panel substrate assembly is formed with 
one of a vacuum evaporation method, a CVD method, a plasma CVD method, a sol-gel method and a binder method. 
[0011] Furthermore, according to the present invention, a production method for a gas discharge panel substrate 
assembly is provided, in which the intermediate layer and the dielectric layer of the second gas discharge panel sub- 
strate assembly are continuously formed with a CVD method or a plasma CVD method. 
55 [0012] Moreover, according to the present invention, a production method for a gas discharge panel substrate as- 
sembly is provided, in which the intermediate layer and the protective layer of the second gas discharge panel substrate 
assembly are continuously formed with a vacuum evaporation method. 

[0013] Besides, according to the present invention, an AC type gas discharge panel is provided-that uses the first 
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or second gas discharge panel substrate assembly as a gas discharge panel substrate assembly in the front side. 
[0014] These and other objects of the present application will become more readily apparent from the detailed de- 
scription given hereinafter. However, it should be understood that the detailed description and specific examples, while 
indicating preferred embodiments of the invention, are given by way of illustration only, since various changes and 
modifications within the scope of the invention will become apparent to those skilled in the art from this detailed de- 
scription. 

Fig. 1(a) to 1 (d) are schematic sectional views showing process steps from formation of the gas discharge panel 
substrate assembly of the present invention; 

Figs.2 (a) to 2(e) are schematic sectional views showing process steps from formation of the gas discharge panel 
substrate assembly of the present invention; 

Fig. 3 is a schematic sectional view of the gas discharge panel of the present invention; 
Fig.4 is a schematic sectional view of the gas discharge panel of the present invention; 
Fig. 5 is a schematic perspective view of a structure of a PDP of prior art; 
Fig.6. is a schematic view of a state of a discharge panel in discharge. 

[001 5] The inventors of the present invention have studied on a relationship between a method forforming a dielectric 
layer and a chromaticity of a PDP. As a result, it has been found that anomaly in chromaticity occurs in a case where 
a dielectric layer is formed with the method using frit glass in the shape of a sheet or the vapor phase film formation 
method such as a Plasma Enhanced C VD (PECVD) method. To be concrete, dielectric layers were formed in formation 
conditions shown in Table 1 f thereafter a protective layer made of a MgO layer was formed by evaporation to a thickness 
of 1 .0 u.m and a PDP was formed in an ordinary process, followed by a display quality test on the PDP. 



Table 1 



Frit paste 


Sheet frit 


PECVD-Si0 2 


Printing was performed on a glass 
substrate, after formation of 
electrodes, with a paste obtained by 
adding an ethyl cellulose binder to 
frit glass and the glass substrate 
with the print was baked in a 
conveyor type baking furnace under 
a heating program of 120 min at 
350°C and then 30 min at 600°C to 
form a dielectric layer of 30 u,m in 
thickness. 


A sheet obtained by adding an 
acrylic binder to frit glass is adhered 
on a glass substrate after formation 
of electrodes thereon and the glass 
substrate with the sheet was baked 
in a conveyor type baking furnace 
under a heating program of 240 min 
at 350°C and then 60 min at 600°C 
to form a dielectric layer of 30 \im in 
thickness. 


After formation of electrodes the 
glass substrate, Si0 2 is formed as a 
dielectric layer on a glass substrate 
to a thickness of 5 ^m in a parallel 
plate type PECVD apparatus under 
conditions of feeding SiH4 at a flow 
rate of 900 seem, N 2 0 at a flow rate 
of 9000 sccm : an RF output at 2.0 
kW, a temperature at 400°C and a 
pressure at 3.0 Torr. 



[001 6] ' White chromacity coordinates of a PDP under the conditions for forming a dielectric layer using the frit paste 
were (0.300, 0.300) in the CIE standard colorimetric system, while being (0.310, 0.285) in a case where the sheet frit 
was used and furthermore, the coordinates were also (0.320, 0.280) in a case of the PECVD-Si0 2 as well, the two 
latter of which display a reddish white color. This anomaly in chromaticity was found to be caused by degradation in 
green phosphor and a shift in chromaticity coordinates to follow, as a result of a study conducted by the inventors. 
[001 7] It is inferred that discharge generated during a display test causes gas release from a dielectric layer formed 
with a sheet frit or PECVD and in turn the gas degrades phosphor. 

[001 8] A gas source can be inferred to be a material, having a hydrocarbon bond, and remained in the layer without 
being burned out in the baking since the sheet layer prior to the formation of a dielectric layer obtained by using the 
sheet frit contains much of an organic component. Likewise, in the PECVD method, the source can be inferred to be 
a material having bonds of hydrogen with silicon and/or carbon such as SiH 4 gas or Si(OC 2 H 5 ) 4 remaining in the layer 
as a material not reacted due to incomplete decomposition of a process raw gas. It is thought that the materials as the 
gas source are decomposed under an influence of ultraviolet generated by discharge to release hydrocarbon or hy- 
drogen gas. and the gases pass through the MgO layer to then come out into a discharge space and degrade phosphor. 
The gases are activated by discharge so as to have a reducing ability; therefore, the activated gases are thought to 
reduce the protective layer (MgO). The reduced protective layer is colored and therefore deteriorated in transmittance. 
As the results, a luminance is thought to be degraded during panel display causing a shift in chromaticity. 
[0019] The present invention has, to be concrete, one of features thereof that a protective layer has an ultraviolet 
shielding function (a first gas discharge substrate assembly) or alternatively, that an intermediate layer having an ul- 
traviolet shielding function is inserted between a dielectric layer and a protective layer (a second gas discharge sub- 
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strate assembly). The ultraviolet shielding function means a function capable of shielding ultraviolet having 200 nm or 
less in wavelength mainly. 

[0020] In the first gas discharge panel substrate assembly, the protective layer, covering the dielectric layer, and in 
contact with a discharge space is made of MgO for protecting the dielectric layer from a discharge electric field and at 
least one compound selected from the group consisting of an Al compound, a Ti compound, an Y compound, a Zn 
compound : a Zr compound, a Ta compound and SiC having the ultraviolet shielding function. 

[0021] As Al compounds, there are exemplified: alumina, aluminum nitride and others, as Ti compounds, there are 
exemplified: titania. titanium nitride and others, as Y compounds, there are exemplified: yttrium oxide, yttrium nitride 
and others, as Zn compounds, there are exemplified: zinc oxide, zinc nitride, zinc sulfide and others, as Zr compounds, 
there are exemplified: zirconium oxide, zirconium nitride and others and as Ta compounds, there are exemplified: 
tantalum oxide and others. 

[0022] The compound having the ultraviolet shielding function is preferably selected from tho group consisting of 
Al 2 0 3 (alumina), AIN, Ti0 2 (titania), Y 2 0 3 (yttrium oxide), ZnO (zinc oxide), Zr0 2 (zirconium oxide), Ta 2 O s (tantalum 
oxide) and SiC. Bandgaps of these compounds described above are shown in the following Table 2. 

Table 2 





Bandgaps(eV) 


MgO 


8 


Al 2 0 3 


7.4 


AIN 


3.8 


Ti0 2 


3.0 


Y 2 0 3 


2.43 


ZnO 


3.2 


ZnS 


3.7 


Zr0 2 


5.16 


Ta 2 O s 


4.2 


SiC 


3 



[0023] Compounds having a bandgap of 6.2 eV or less among the compounds described above are preferably used 
since the compounds exert a vacuum ultraviolet (VUV) shielding effect. 

[0024] A mixing ratio of MgO and the compound having the ultraviolet shielding function is different according to a 
kind of a compound in use and the ratio is preferably in the range of from 95 to 85, to 5 to 15 in wt %. If a percentage 
of the compound having the ultraviolet shielding function is less than 5 wt %. it is not preferably since the ultraviolet 
shielding effect is reduced, while if the percentage of the compound is more than 15, it is not preferably either since a 
secondary electron emission ratio is decreased. 

[0025] No specific limitation is imposed on a thickness of the protective layer as far as a prescribed function is exerted, 
but it is preferably in the range of form 0.5 to 1 .5 u.m. 

[0026] No specific limitation is imposed on a method for forming a protective layer but any of known methods in the 
technical field pertaining to the present invention can be used. There can be exemplified: a CVD method, a sputter 
method and a vacuum or an atmospheric evaporation method and among them, the vacuum evaporation method is 
preferably used. . 

[0027] The CVD method is a method in which a raw gas (for example, a chloride) of a compound from which a 
protective layer is made is heated and decomposed to deposit a desired compound onto a substrate. 
[0028] The sputter method is a method in which a compound from which a protective layer is made is sputtered by 
an inert gas to deposit a desired compound onto a substrate. 

[0029] The evaporation method is a method in which a compound from which a protective layer is made is evaporated 
by heating with heating means such as an electron beam or the like to deposit a desired compound onto a substrate. 
[0030] On the other hand, in the second gas discharge panel substrate assembly, the intermediate layer located 
between the dielectric layer and the protective layer is made of at least one compound compound selected from the 
group consisting of an Al compound, a Ti compound, an Y compound, a Zn compound, a Zr compound, a Ta compound 
and SiC, all having the ultraviolet shielding function. As concrete examples of the compounds, there are shown the 
same compounds as for the first gas discharge panel substrate assembly. Furthermore, similar to the first discharge 
panel substrate assembly, preferable are compounds having 6.2 eV or less in bandgap. 
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[0031] No specific limitation is imposed on a thickness of the intermediate layer as far as a prescribed function is 
exerted but it is preferably in the range of from 0.1 to 1 urn. 

[0032] As methods for forming the intermediate layer, there are exemplified: a vacuum evaporation method, a CVD 
method, a plasma CVD method, a sol-gel method, a binder method and others. 
5 [0033] The vacuum evaporation method is a method in which a compound from which an intermediate layer is made 
is heated and evaporated under a vacuum of 10 3 lo 10 a Torrwith heating means such as an electron beam to deposit 
a desired compound onto a substrate. 

[0034] The CVD method is a method in which a raw gas (for example, a chloride) of a compound from which an 
intermediate layer is made is heated and decomposed by heating to deposit a desired compound onto a substrate. 
w [0035] The plasma CVD method is a method in which a raw gas (for example, a chloride) of a compound from which 
an intermediate layer is made is decomposed with a plasma to deposit a desired compound onto a substrate. 
[0036] The sol-gel method is a method in which a solution containing a fatty acid salt or an alkoxide of a compound 
from which an intermediate layer is made is coated on a substrate to bake a coat on the substrate and to thereby form 
the intermediate layer. 

15 [0037] The binder method is a method in which a solution or a dispersion containing a compound from which an 
intermediate layer is made is coated on a substrate to bake a coat on the substrate and to thereby form the intermediate 
layer. 

[0038] Note that in the second gas discharge panel substrate assembly, the protective layer, formed on the interme- 
diate layer, and in contact with the discharge space is preferably made of MgO and a thickness thereof is preferably 
in the range of from 0.5 to 1 .5 u.m. Methods for forming the protective layer can be methods similar to the methods for 
use in the first gas discharge panel substrate assembly. 
[0039] By imparting the protective layer the ultraviolet shielding function, the number of production steps can be 
decreased compared with a construction in which the intermediate layer has an ultraviolet shielding function and as a 
result, a tact is improved and a cost is reduced. 
25 [0040] Structural members of the first and second gas discharge panel substrate assemblies other than the protective 
layer and the intermediate layer can be the same as each other. 

[0041] No specific limitation is imposed on a substrate, but any of known substrates in the technical field pertaining 
to the present invention can be used. To be concrete, there are exemplified: transparent substrates such as a glass 
substrate and a plastic substrate. 

30 [0042] No specific limitation is imposed on an electrode formed on a substrate, but any of known electrodes in the 
technical field pertaining to the present invention can be used. To be concrete, there are exemplified transparent elec- 
trodes such as ITO and NESA. Furthermore, a metal electrode made of Cr, Cu or a stacked structure thereof may be 
formed on a transparent electrode in order to reduce a resistance of the transparent electrode. An arrangement of 
electrodes are formulated ordinarily in an array of stripes on a substrate, though being different according to a kind of 

35 a gas discharge panel. 

[0043] As the dielectric layer covering electrodes, no specific limitation is imposed on a dielectric layer but any of 
known dielectric in the technical field pertaining to the present invention can be used. To be concrete, there are exem- 
plified: layers made of a low-melting glass and Si0 2 . 

[0044] The low-melting glass exemplified in the first place can be formed using a frit paste or a sheet frit. The frit 
40 paste can be obtained by adding an ethyl cellulose binder and a solve nt(arbitrary) to a low-mclting glass (frit glass). 
The frit paste is coated at a prescribed position with a printing method or the like to bake the coat and to thereby obtain 
the dielectric layer. A sheet frit can be obtained by adding an acrylic binder to frit glass to form a mixture in the shape 
of a sheet. The sheet frit is adhered onto a substrate and then the sheet is baked to thereby transform the sheet into 
the dielectric layer. The dielectric layer made of a low-melting glass ordinarily has a thickness in the range of from 15 
45 to 35 urn. 

[0045] Si0 2 , which is exemplified in the second place, can be formed with a CVD method or a PECVD method. To 
be concrete, the Si0 2 dielectric layer can be formed such that, in a case of the PECVD method, a parallel plate type 
plasma CVD apparatus can be used to decompose a silane gas such as SiH 4 or Si 2 H 6 or a silicon containing compound 
such as tetraorthoethyl silicate (TEOS) with a plasma generated under conditions of an RF output in the range of from 
50 1 to 2 kW, a temperature in the range of from 300 to 400°C and a pressure in the range of 1 to 3 in Torr. The Si0 2 
dielectric layer also may be formed with an atmospheric CVD method. The dielectric layer made of Si0 2 ordinarily has 
a thickness in the range of from 5 to 15 urn. 

[0046] Among the methods for forming the dielectric layer, preferable are a method forming a dielectric layer using 
a sheet frit and vapor phase methods such as a CVD method and a PECVD method because of the following reason 
5 5 and easiness in production. 

[0047] In the dielectric layer formed with a sheet frit among the dielectric layers described above, since much of an 
organic component is contained in a sheet layer prior to the formation, it is inferred that a material having a hydrocarbon 
bond remains in the layer without burning out in baking. Furthermore, it is thought that in the vapor phase method, a 
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material having bonds of silicon and/or carbon with hydrogen such as SiH 4 or Si(OC 2 H 5 ) 4 is not all decomposed and 
partly remains unreacted in the formed film. It is thought that the material is decomposed by ultraviolet generated by 
discharge to release hydrocarbon or hydrogen gas, and the gas passes through a MgO layer and is released into a 
discharge space to degrade a phosphor. Furthermore, it is thought that since the gas is activated by discharge so as 
to have a reducing ability, the protective layer (MgO layer) is also reduced. The reduced protective layer is colored to 
degrade a transmiltance. II is thought that with such results, a luminance is degraded during panel display to alter 
chromalicity. In the present invention, the ultraviolet shielding function is imparted to the protective layer of the first gas 
discharge panel substrate assembly and the intermediate layer of the second gas discharge panel substrate assembly. 
Therefore, it is prevented from occurring that ultraviolet generated in the discharge space reaches a dielectric layer, 
thereby enabling generation of hydrocarbon or hydrogen to be prevented. 

[0048] Note that since even in a case where a frit paste is used as well, it is thought that a material having a hydro- 
carbon bond exists in the dielectric layer, a construction of the present invention is useful. 

[0049] In formation of the protective layer, and intermediate layer and dielectric layer, all described above, the inter- 
mediate layer and the dielectric layer may be formed continuously with a CVD method or a plasma CVD method, and 
the intermediate layer and the protective layer may be formed continuously with a vacuum evaporation method. By 
forming continuously, reduction in production time can be achieved and mixing into of an impurity to layers can be 
prevented. 

[0050] Description will be given of an example of a production method for a first gas discharge panel substrate 
assembly of the present invention below with reference to Figs. 1 (a) to 1 (d). Figs. 1 (a) to 1 (d) are schematic sectional 
views showing process steps from formation of the display electrodes (transparent electrodes and bus electrodes) to 
formation of a protective layer in the substrate side. 

[0051] Transparent electrodes 31 are at first formed on a glass substrate (Fig. 1 (a)), subsequent to this bus electrodes 
(for example, a three layer structure of Cr/Cu/Cr) 32 are formed (Fig. 1 (b)) and display electrodes (also referred to as 
sustaining electrodes) 3 are thereby formed. The transparent electrodes and the bus electrodes can be formed with a 
known method. 

[0052] Then, a dielectric layer 4 covering display electrodes 3 is formed (Fig. 1(c)). As methods for forming the 
dielectric layer 4, there are available a method in which a frit paste containing a frit glass or a sheet frit is used and a 
vapor phase method such as a CVD method. 

[0053] A protective layer 1 2 having the ultraviolet shielding function is formed at a final stage (Fig. 1 (d)). As methods 
for forming the protective layer 12, there can be used vapor phase film formation methods such as a CVD method, a 
vacuum or atmospheric evaporation method and a sputter method. 

[0054] Then, description will be given of an example of a production method for a second gas discharge panel sub- 
strate assembly of the present invention below with reference to Figs. 2(a) to 2(e). Figs. 2(a) to 2(e) are schematic 
sectional views showing process steps from formation of display electrodes (a transparent electrodes and bus elec- 
trodes) to formation of a protective layer in the substrate side. 

[0055] Transparent electrodes 31 are at first formed on a glass substrate (Fig. 2(a)), subsequentto this bus electrodes 
32 are formed (Fig. 2(b)) and display electrodes (also referred to as sustaining electrodes) 3 are thereby formed. The 
transparent electrodes and bus electrodes can be formed with a known method. 

[0056] Then, a dielectric layer 4 covering the display electrodes 3 is formed (Fig. 2(c)). As methods for forming the 
dielectric layer 4, there arc available a method in which a frit paste containing a frit glass or a sheet frit is used and a 
vapor phase method such as a CVD method. 

[0057] Then, an intermediate layer 13 having the ultraviolet shielding function is formed (Fig. 2(d)). As a method for 
forming the intermediate layer 13, there can be used: a vacuum evaporation method, a CVD method, a sol-gel method, 
or a binder method. 

[0058] A protective layer 5 is formed at a final stage (Fig. 2(e)). As methods for forming the protective layer 5, there 
are generally exemplified: vapor phase methods such as an evaporation method, a sputter method and others. 
[0059] Then, description will be given of a structure of a gas discharge panel (PDP) in a case where a gas discharge 
panel substrate assembly of the present invention is used in the front side below with reference to Figs. 3 and 4. 
[0060] PDPs of Figs. 3 and 4 are three-electrode AC type surface discharge PDPs. The PDPs illustrate cases where, 
in each case, sub-pixels (discharge cells) are formed with barrier ribs arranged in an array of stripes. The PDP of Fig. 
3 is a PDP in which the first gas discharge panel substrate assembly is used and the PDP of Fig. 4 is a PDP in which 
the second gas discharge panel substrate assembly is used. 

[0061] The PDP of Fig. 3 is constituted of a front substrate and a back substrate. 

[0062] The first gas discharge panel substrate assembly obtained in the process of Fig. 1 is used as the front substrate 
as it is. 

[0063] Then, the back substrate is generally constituted of: plural address electrodes 6 each in the shape of a stripe 
formed on a back glass substrate 2; plural barrier ribs 7 each in the shape of a stripe formed on the back glass substrate 
2 between the adjacent address electrodes 6; and phosphors 8 formed between the barrier ribs 7 and on rib surfaces 
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thereof. In Fig. 3, the phosphors 8 include: phosphors for red (R), green (G) and blue (B). 

[0064] Furthermore, the dielectric layer is formed on the back glass substrate 2 so as to cover the address electrodes 
6 and the barrier ribs 7 may be formed on the dielectric layer. The dielectric layer can be formed in a similar way to 
that adopted in forming the dielectric layer in the front substrate side. 
5 [0065] The PDP of Fig. 4 has one of features that an ultraviolet shielding function is not imparted to the protective 
layer as in the PDP of Fig. 3, but the intermediate layer having an ultraviolet shielding function is formed between the 
protective layer and the dielectric layer. The PDP of Fig. 4 is the same as the PDP of Fig. 3 with the exception of this 
particular structure. 

10 EXAMPLES 

[0066] While description will bo given of the present invention below with examples and comparative examples in a 
further concrete manner, no limitation is placed on conditions for forming a film : thickness values of films, materials 
and others used therein. 

15 

Example 1 (a dielectric layer constituted of a PEC VD-Si0 2 and a protective layer having an ultraviolet sh ielding function 
constituted of simultaneous electron beam evaporation-MgO, and-Zr0 2 alumina, titania, Y 2 0 3 ZnS, Ta 2 O s or SiC) 

[0067] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
20 plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 u.m under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 0 at a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 
400°C and a pressure at 3.0 Torr. Then, Zr0 2 and MgO were simultaneously deposited by electron beam evaporation 
to obtain a protective layer of a thickness of 1 .0 um. Thereafter, a PDP with the following specifications was fabricated 
by an ordinary process, followed by a display quality test on the PDP 

25 

(Specifications of the PDP) 
[0068] 

30 a screen size: 42 inch 

the number of pixels: 852 x 480 (VGA) 

the number of sub-pixels: 2556 x 480 

a sub-pixel size: 1080 jim x 390 urn 

material of front substrate: soda lime glass 
35 thickness of front substrate: 3 mm 

width of transparent electrode: 275 p.m 

width of bus electrode: 100 urn 

surface discharge gap: 100 jim 

width of light shielding layer between transparent electrodes: 350 jam 
•*o width of barrier rib: 70u.m 

height of barrier rib: 140 jam 
barrier rib pitch: 360 urn 

kinds of phosphors: PDP standard RGBphosphors, red (Y, Gd)B0 3 : Eu, green Zn 2 Si0 4 :Mn, blue BaMgAI 10 O 17 :Eu 
driving conditions: 25 kHz at 180 V 

45 

(Display Quality Test) 

[0069] White display at a load ratio of 10 % is measured with a luminance meter BM7 made by TOPCON CORPO- 
RATION. 

50 [0070] As a result of the test, chromaticity coordinates in the CIE standard colorimetric system were (0.300, 0.301 ) 
and anomaly in chromaticity was suppressed. 

[0071] Furthermore, PDPs were fabricated in specifications and conditions similar to those described above with the 
exception that Zr0 2 was substituted for alumina, titania, Y 2 0 3 ZnS, Ta 2 O s or SiC. Coordinates of chromaticity of ob- 
tained PDPs are (0.301 , 0.298), (0.301 , 0.298), (0.303, 0.298), (0.302, 0.298), (0.300, 0.300) and (0.302, 0.298), which 
5 5 showed that degradation was suppressed. 
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Example 2 (a dielectric layer constituted of a PECVD-Si0 2 and an intermediate layer constituted of electron beam 
evaporation-Zr0 2) alumina, titania, Y 2 0 3 ZnS, Ta 2 O s or SiC) 

[0072] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
5 plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 u.m under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 0 al a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 
400 a C and a pressure at 3.0 Torr. Then, an intermediate layer made of Zr0 2 was deposited by electron beam evapo- 
ration to a thickness of 0.3 jam. Subsequent to this a protective layer made of MgO is evaporation deposited to a 
thickness of 1.0 u.m. Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in 
10 Example 1, followed by a display quality test on the PDP. As a result of the test, chromaticity coordinates were (0.301 , 
0.302), which showed that anomaly in chromaticity was suppressed. 

[0073] Furthermore, PDPs were fabricated in specifications and conditions similar to those described above with the 
exception that intermediate layers were made of alumina, titania, Y 2 0 3 ZnS, Ta 2 O s and SiC respectively. Chromaticity 
coordinates were (0.302, 0.299), (0.302, 0.299), (0.301, 0.298), (0.301, 0.299), (0.300, 0.300) and (0.301, 0.299), 
15 which showed that degradation was suppressed. 

Example 3 (a dielectric layer constituted of a PECV0-SiO 2 and an intermediate layer constituted of a binder method 
titania-Ti0 2 ) 

20 [0074] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 urn under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 0 at a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 
400°C and a pressure at 3.0 Torr. Then, titania powder of 0.5 u,m in average particle diameter was dispersed in a binder 
composed of 5 wt % ethylcellulose and 95 wt % terpineol, a coat was applied on the dielectric layer by a printing 

25 method, thereafter the coat was baked in the atmosphere at 400°C for 30 min to form an intermediate layer made of 
Ti0 2 with a thickness of 3.0 urn. Subsequent to this a protective layer made of MgO layer was deposited by evaporation 
to a thickness of 1 .0 u.m. Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in 
Example 1 , followed by a display quality test on the PDP. As a result of the test, chromaticity coordinates were (0.301 , 
0.299), which showed that anomaly in chromaticity was suppressed. 

30 

Example 4 (a dielectric layer constituted of a PECVD-Si0 2 and an intermediate layer constituted of a sol-gel method 
titania-Ti0 2 ) 

[0075] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
35 plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 jam under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 0 at a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 
400°C and a pressure at 3.0 Torr. Then, Ti(OC 2 H 5 ) 4 and 0.5 % dilute hydrochloric acid were mixed in a molar ratio of 
1 to 8, a reaction was performed therebetween for 30 min, thereafter the mixture was diluted with ethanol to a volume 
ten times the original, the diluted mixture was coated on the dielectric layer with a spin coat method to form a coat, 
40 thereafter the coat was baked in the atmosphere at 400°C for 30 min to thereby form an intermediate layer made of 
Ti0 2 of 3.0 urn in thickness. Subsequent to this a protective layer made of MgO layer was deposited by evaporation 
to a thickness of 1 .0 u,m. Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in 
Example 1 , followed by a display quality test on the PDP. As a result of the test, chromaticity coordinates were (0.300, 
0.299), which showed that anomaly in chromaticity was suppressed. 

45 

Example 5 (a dielectric layer constituted of a PECVD-Si0 2 and an intermediate layer constituted of an atmospheric 
CVD titania of isopropyl titanate-Ti0 2 ) 

[0076] Transparent electrodes and bus electrodes v/ere formed on a substrate in the front side, thereafter in a parallel 
so plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 urn under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 0 at a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 
400°C and a pressure at 3.0 Torr. Then, in an atmospheric CVD apparatus, an intermediate layer made of Ti0 2 of 1 .0 
K m in thickness was formed under conditions of Ti[COH(CH 3 ) 2 ] 4 at a flow rate of 100 seem, 0 2 at a flow rate of 500 
seem and a substrate temperature at 400°C. Subsequent to this a protective layer made of MgO layer was deposited 
55 by evaporation to a thickness of 1 .0 urn. Thereafter, a PDP was fabricated in specifications and conditions similar to 
those adopted in Example 1 : followed by a display quality test on the PDP. As a result of the test, chromaticity coordi- 
nates were (0.301 , 0.298), which showed that anomaly in chromaticity was suppressed. 
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Example 6 (a dielectric layer constituted of a PECVD-Si0 2 and an intermediate layer constituted of an atmospheric 
CVD. titania of titanium tetrachloride-T10 2 ) 

[0077] Transparent electrodes and bus electrodes were formed on a substrate in the front side : thereafter in a parallel 
plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 urn under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 0 at a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 
400°C and a pressure at 3.0 Torr. Then, in an atmospheric CVD apparatus, an intermediate layer made of Ti0 2 or 0.3 
l^m in thickness was formed under conditions of TiCI 4 at a flow rate of 100 sccm : 0 2 at a flow rate of 500 seem and a 
substrate temperature at 400°C. Subsequent to this a protective layer made of MgO layer was deposited by evaporation 
to a thickness of 1 .0 urn. Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in 
Example 1 , followed by a display quality test on the PDP. As a result of the test, chromaticity coordinates were (0.301 , 
0.298), which showed that anomaly in chromaticity was suppressed. 

Example 7 (a dielectric layer constituted of a PECVD-Si0 2 and an intermediate layer constituted of an atmospheric 
CVD of zirconium tetrachloride-Zr0 2 ) 

[0078] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 u.m under con- 
ditions of SiH 4 at a flow rate of 900 seem. N 2 0 at a flow rate of 9000 seem, an RF output at 2.0 kW. a temperature at 
400^0 and a pressure at 3.0 Torr. Then, in an atmospheric CVD apparatus, an intermediate layer made of Zr0 2 of 0.3 
jam in thickness was formed under conditions of ZrCI 4 at a flow rate of 100 seem, 0 2 at a flow rate of 500 seem and a 
substrate temperature at 480°C. Subsequent to this a protective layer made of MgO layer was deposited by evaporation 
to a thickness of 1 .0 ujn. Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in 
Example 1 , followed by a display quality test on the PDP. As a result of the test, chromaticity coordinates were (0.301 , 
0.299), which showed that anomaly in chromaticity was suppressed. 

Example 8 (a dielectric layer constituted of a PECVD-Si0 2 and an intermediate layer constituted of a plasma CVD 
alumina-AI 2 0 3 ) 

[0079] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 ujti under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 0 at a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 
400°C and a pressure at 3.0 Torr and successively, in the same apparatus, an intermediate layer made of Al 2 0 3 of 0.3 
urn in thickness was formed under conditions of AICI 3 at a flow rate of 100 seem, C0 2 at a flow rate of 1000 seem, H 2 
at flow rate of 500 seem, an RF output at 2.0 kW, a temperature at 400°C and a pressure at 3.0 Torr. Subsequent to 
this a protective layer made of MgO layer was deposited by evaporation to a thickness of 1 .0 urn. Thereafter, a PDP 
was fabricated in specifications and conditions similar to those adopted in Example 1 , followed by a display quality test 
on the PDP As a result of the test, chromaticity coordinates were (0.301 , 0.300), which showed that anomaly in chro- 
maticity was suppressed. 

Example 9 (a dielectric layer constituted of a sheet frit-low-melting glass and an intermediate layer constituted of an 
electron beam evaporation-Zr0 2 ) 

[0080] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter an acrylic 
binder was added to frit glass made of PbO-B 2 0 5 -Si0 2 to process the mixture into a sheet, the sheet was adhered 
onto the substrate and baked in a conveyor type baking furnace under a heating program of 240 min at 350°C and 
thereafter 60 min at 600°C. thereby forming an dielectric layer of 30 urn in thickness. Then, an intermediate layer made 
of Zr0 2 was formed with electron beam evaporation to a thickness of 0.3 urn. Subsequent to this a protective layer 
made of MgO layer was deposited by evaporation to a thickness of 1 .0 urn. Thereafter, a PDP was fabricated in spec- 
ifications and conditions similar to those adopted in Example 1, followed by a display quality test on the PDP. As a 
result of the test, chromaticity coordinates were (0.301 , 0.299), which showed that anomaly in chromaticity was sup- 
pressed. 

Example 1 0 (a dielectric layer constituted of a PECVD-Si0 2 and an intermediate layer constituted of an electron beam 
evaporation-Zr0 2 ) 

[0081] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
plate type plasma CVD apparatus, a dielectric layer made of SiQ 2 was formed to a film thickness of 5 urn under con- 
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ditions of TEOS at a flow rate of 800 seem, 0 2 at a flow rate of 2000 seem, an RF output at 1 .5 kW, a temperature at 
350°C and a pressure at 1 .0 Torr. Note that dielectric layers formed on a silicon substrate and a soda lime substrate 
had stresses of-0.7E9 dyn/cm 2 and -1 .9 dyn/cm 2 , respectively. Thereafter an intermediate layer made of Zr0 2 was 
deposited to a thickness of 0.3 jim by electron beam evaporation. Subsequent to this a protective layer made of MgO 
s layer was deposited by evaporation to a thickness of 1 .0 ^m. 

[0082] Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in Example 1 . 
followed by a display quality test on the PDP. As a result of the lest, chromaticity coordinates were (0.301, 0.299), 
which showed that anomaly in chromaticity was suppressed. 

10 Example 11 (a dielectric layer constituted of a CVD-Si0 2 and an intermediate layer constituted of an electron beam 
cvaporation-Zr0 2 ) 

[0083] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in an 
atmospheric CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 \im under conditions 
15 of SiH 4 at a flow rate of 1 000 sccm : N 2 0 at a flow rate of 1 0000 seem, and a temperature at 450°C. Note that dielectric 
layers formed on a silicon substrate and a soda lime substrate had stresses of +4E9 dyn/cm 2 and +2.3 dyn/cm 2 , 
respectively. Thereafter an intermediate layer made of Zr0 2 was deposited to a thickness of 0.3 urn by electron beam 
evaporation. Subsequent to this a protective layer made of MgO layer was deposited by evaporation to a thickness of 
1.0 am. 

20 [0084] Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in Example 1, 
followed by a display quality test on the PDP. As a result of the test, chromaticity coordinates were (0.301, 0.299), 
which showed that anomaly in chromaticity was suppressed. 

Example 12 (a dielectric layer constituted of a CVD-Si0 2 and an intermediate layer constituted of a plasma CVD 
25 tantalum oxide-Ta 2 O s ) 

[0085] Transparent electrodes and bus electrodes were formed on a substrate in the front side, thereafter in a parallel 
plate type plasma CVD apparatus, a dielectric layer made of Si0 2 was formed to a film thickness of 5 u.m under con- 
ditions of SiH 4 at a flow rate of 900 seem, N 2 Q at a flow rate of 9000 seem, an RF output at 2.0 kW, a temperature at 

30 400°C and a pressure at 3.0 Torr. Successively, in the same apparatus, an intermediate layer made of Ta 2 O s of 0.2 
urn in thickness was formed under conditions of Ta(C 2 H 5 OH) 5 at a flow rate of 200 seem (supplied directly after evap- 
oration), 0 2 at a flow rate of 1000 seem, an RF output at 2.0 kW, a temperature at 400°C and a pressure at 4.0 Torr. 
Subsequent to this a protective layer made of MgO layer was deposited by evaporation to a thickness of 1 .0 um 
[0086] Thereafter, a PDP was fabricated in specifications and conditions similar to those adopted in Example 1, 

35 followed by a display quality test on the PDP. As a result of the lest, chromaticity coordinates were (0.300, 0.300), 
which showed that anomaly in chromaticity was suppressed. 

[0087] Note that, in the present invention, no specific limitation is imposed on the examples described above, but 
various modification or alterations can be included. For example, a structure can also be included in which a substrate 
provided with a dielectric layer, barrier ribs and phosphor layers thereon is arranged in the front side and a substrate 

-to provided with a protective layer and others thereon is arranged in the back side. Another structure can also be included 
in which address electrodes are covered with a dielectric layer, and barrier ribs and phosphor layers are formed on the 
dielectric layer, in which case a surface of the dielectric layer is desirably covered with an ultraviolet shielding film. 
Furthermore, the present invention can also be applied to two-electrode AC type opposite discharge PDP. 
[0088] According to the present invention, by imparting a protective layer itself an ultraviolet shielding function or 

45 inserting an intermediate layer having an ultraviolet shielding function between a protective layer and a dielectric layer, 
vacuum ultraviolet generated during discharge is prevented from reaching the dielectric layer, thereby disabling dis- 
connection of a hydrocarbon bond in the dielectric layer. Therefore, since suppression can be realized of reduction of 
phosphor and the protective layer caused by hydrogen generated by the disconnection, there can be obtained a gas 
discharge panel without degradation of phosphor. 

50 

Claims 

1 . A gas discharge panel substrate assembly comprising: electrodes formed on a substrate, a dielectric layer covering 
55 the electrodes, and a protective layer covering the dielectric layer and in contact with a discharge space, wherein 

the protective layer includes MgO and at least one compound selected from the group consisting of an Al com- 
pound, a Ti compound, a Y compound, a Zn compound, a Zr compound, a Ta compound and SiC. 
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2. A gas discharge panel substrate assembly of claim 1 , wherein the protective layer comprises a layer which does 
not transmit light having a wavelength of 200 nm or less. 

3. A gas discharge panel substrate assembly of claim 1 or 2, wherein said at least one compound selected from the 
group consisting of an Al compound., a Ti compound, a Y compound, a Zn compound : a Zr compound, a Ta com- 
pound and SiC is a compound having a bandgap of 6.2 eV or less. 

4. A gas discharge panel substrate assembly of claim 1 , 2 or 3, wherein the dielectric layer contains a low-melting 
glass or CVD-Si0 2 . 



5. A gas discharge panel substrate assembly comprising: electrodes formed on a substrate, a dielectric layercovering 
the electrodes, an intermediate layer covering the dielectric layer, and a protective layercovering the intermediate 
layer and in contact with a discharge space, wherein the protective layer includes MgO and the intermediate layer 
includes at least one compound selected from the group consisting of an Al compound, a Ti compound, a Y corn- 
's pound, a Zn compound, a Zr compound, a Ta compound and SiC. 

6. A gas discharge panel substrate assembly of claim 5, wherein said at least one compound selected from the group 
consisting of an Al compound, a Ti compound, a Y compound, a Zn compound, a Zr compound, a Ta compound 
and SiC is a compound having a bandgap of 6.2 eV or less. 

20 

7. A gas discharge panel substrate assembly of claim 5 or 6, wherein the intermediate layer comprises a layer which 
does not transmit light having a wavelength of 200 nm or less. 

8. A gas discharge panel substrate assembly of claim 5, 6 or 7, wherein the dielectric layer contains a low-melting 
25 glass or CVD-Si0 2 . 

9. A production method for a gas discharge panel substrate assembly, wherein the dielectric layer as claimed in claim 
1 , 2, 3 or 4 is formed with one of a CVD method, a plasma CVD method and a method in which a frit glass in the 
shape of a sheet is adhered on a substrate, followed by baking. 



10. A production method for a gas discharge panel substrate assembly, wherein the dielectric layer as claimed in claim 
5, 6, 7 or 8 is formed with one of a CVD method, a plasma CVD method and a method in which a frit glass in the 
shape of a sheet is adhered on a substrate, followed by baking. 

11. A production method for a gas discharge panel substrate assembly, wherein the intermediate layer as claimed in 
claim 5, 6, 7 or 8 is formed with one of a vacuum evaporation method, a CVD method, a plasma CVD method, a 
sol-gel method and a binder method. 

12. A production method for a gas discharge panel substrate assembly, wherein the intermediate layer and the die- 
lectric layer as claimed in claim 5, 6, 7 or 8 are continuously formed with a CVD method or a plasma CVD method. 

13. A production method for a gas discharge panel substrate assembly, wherein the intermediate layer and the pro- 
tective layer as claimed in claim 5, 6, 7 or 8 are continuously formed with a vacuum evaporation method. 

14. An AC type gas discharge panel using the gas discharge panel substrate assembly as claimed in claim 1,2,3 or 
4 as a gas discharge panel substrate assembly in the front side. 

15. An AC type gas discharge panel using the gas discharge panel substrate assembly as claimed in claim 5, 6, 7 or 
8 as a gas discharge panel substrate assembly in the front side. 



55 
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